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FIGURE 29

Decay of IPT along the radial co-ordinate.
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FIGURES 20-33

Spectral d is tribu tions of the longitudinal 

fluctuating component fo r various Reynolds 

numbers.
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FIGURES 34-37

Non-dimensional spectral d is tr ib J tio ns  of the 

longitud inal fluc tuating componert ur  fo r 

various Reynolds numbers.
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CONCLUSIONS

The mechanism fo r reverse trans ition  induced by decelerating the 

flow through some c r it ic a l Reynolds number is  s im i.ar whether it. be 

pipe, channel or radial source flow. The process whereby a radial 

source flow becomes laminar may be summarised as follows:

a) The mean ve loc ity  p ro files  approach the laminar parabolic 

p ro file  w ith increasing r.

b) When the longitudinal turbulent fluctuations s ta rt to decay 

th<? maximum of the turbulent in tens ity  p ro file  moves towards 

the centre of the channel.

c) The decay of th is  maximum is exponential in character and the 

rate of decay is determined by the Reynolds number.

d) The spectral d is trib u tions of the longitud inal fluctuations 

are s im ila r at various radial positions.

e) The longitud ina l fluctuations only decay once the reduced 

Reynolds number is less than 8 .



SUMMARY

The effect of the in e rt ia  terms on laminar radia l source flow has 

been examined in de ta il. When the in e rt ia  terms are important the 

pressure increases in the radial d irection causing an adverse pressure 

gradient to be imposed on the flow. I f  the adverse pressure gradient 

is su ff ic ie n t ly  large, flow separation occurs and a separation bubble 

is formed on both the top and bottom disks. S tarting with a uniform 

p ro file  at a radial distance equal to ha lf the gap width, separation 

occurs when Re >_ 50. The separation point was found to be regular 

and moved upstream when the Reynolds number was increased, while the 

reattachment point moved downstream.

The unfavorable pressure gradient causes an in fle x ion  in the 

ve loc ity  p ro file  which is then unstable to small perturbations and 

subsequently causes a trans itio n  from laminar to turbulent flow. As 

the flow moves ra d ia lly  outwards the adverse pressure gradient decreases 

and when Re £ 8 , the longitud inal fluctuations s ta rt to decay, the 

decay rate being dependent on the Reynolds number. This decay process 

was found to be very s im ila r to the decay of turbulent quantities in 

pipe or channel flow during reverss trans ition .



SUGGESTIONS FOR FURTHER WORK

A solution to the second order in v isc id  flow problem has not yet 

been found and its  solution should give valuable ins ight into how the 

downstream expansion proceeds fo r higher orders. A numerical solution 

of the fu ll Navier-Stokes equations would je  helpful in checking the 

theory as well as the accuracy of js ing a boundary layer equation in a 

region of reverse flow.

Because the gap width has to be extremely small to avoid flow 

separation, the poss ib ility  of measuring turbulent shear stress 

d is trib u tions as well as the transverse fluctuations with a hot-wire 

anemometer is  s lig h t. I t  might therefore je  f ru it f u l to do the 

experiments using water as the f lu id  medium and to then measure the 

turbu lent Quantities of the flow w ith a laser anemometer with a very 

fine resolution. Once these quantities have been measured, i.e . the 

tu rbu lent shear stress and other fluc tua ting  components, an estimation 

of the turbulent energy equation can be attempted. This w i l l  enable 

one to determine i f  any type of equilib rium  exists in the flow.
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APPENDIX A

INCONSISTENCIES IN RADIAL LAMINAR FLOW

When the p essure forces balance the viscous forces, a solution to 

the Navier-Stokes equations can be obtained by postulating that the 

ve lc c ity  p ro file  is  to be

I f  th is  p ro file  is  substituted into t!ie equations of motion and notinq 

tha t tiis /-component is  zero v/e obtain

kSn by Rolles theorem there must e x is t at some point in the in te r io r,  

£ - >.y, such that

u f (7 )/r (A-l)

(A-2)

w ith  br»unuary conditions

f(-h) - f(h) « 0 

D iffe ren tia ting  (A-2) w .r.t. z we obtain

(A-3)

2f f 1 + v r2f ' "  = 0 

Now  the- walls, f(±h) = 0 which implies that

(A-4)

f ,M(±h) = 0 (A-5)

 = o (A-6)

therofcv'e

f " 'U )  * 0

This nplies that

'a) f 1" = 0 fo r a ll z

o r

(A-8)

(A-7)

(h) f " = ♦(z) (A-y)



I f  f " '  = 0 fo r a ll z (A-4) becomes

2f f ' = 0 (A-10)

i.e . f  is  a constant.

This solution cannot sa tis fy  the boundary conditions and i t  is 

in te res ting  to note that i t  is fo r th is  reason that Peub; (1963) 

ju s t if ie s  the assumption that fo r higher approximations to the 

creeping flow solution the flow must be two-dimensionai.

However we note that there is  another a lte rna tive , 

i.e . f "  = 4>(z). I f  th is  is the case f(z ) can b̂  determined 

from (A-4) but the form of (A-4) implies that f(z ) must depend on 

r  which is  a contradiction of the in i t ia l  assumption. This can be 

eas ily  seen i f  one t r ie s  to solve (A-2) in terms of e l l ip t ic  functions.

Rewriting (A-2) as

Now since B-j and are functions of r,  f  must depend on r  

as wel1.

I f  we assume that the in e rt ia  terms are neg lig ib le , i.e.

J k f ' ) 2 = -B-j f 3/3 + 32f  + B3 (A-l 1)

where

vA-12)

a solution of (A-l1) in terms of e l l ip t ic  in tegra ls is

z
0 {2(B-j f 3/3 + 02f + B3)}‘/2

(A-l3)

2
f  = 0  the governing equation reduces to

(A-l4)

which implies that f"  - constant, i.^. f  Is a parabolic function 

in  z.
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